FERROELECTRIC WRITE ONCE READ ONLY MEMORY FOR 

ARCHIVAL STORAGE 

Cross Reference To Related Applications 

This application is a Continuation of U.S. Application No. 10/177,082 filed 
June 21, 2002 which is incorporated herein by reference. 

This application is related to the following co-pending, commonly assigned 
U.S. patent applications: "Write Once Read Only Memory Employing Charge 
Trapping in Insulators," serial number 10/177,077, "Write Once Read Only 
Memory Employing Floating Gates," serial number 10/177083, "Nanocrystal Write 
Once Read Only Memory for Archival Storage," serial number 10/177214, "Write 
Once Read Only Memory with Large Work Function Floating Gates," serial number 
10/177213, "Vertical NROM Having a Storage Density of 1 Bit per 1F^" serial 
number 10/177,208, and "Multistate NROM Having a Storage Density Much 
Greater than 1 Bit per IF^," serial number 10/177,21 1, of which disclosure is herein 
incorporated by reference. 

Field of the Invention 

The present invention relates generally to semiconductor integrated circuits 
and, more particularly, to ferroelectric write once read only memory for archival 
storage. 

Background of the Invention 

Many electronic products need various amounts of memory to store 
information, e.g. data. One common type of high speed, low cost memory includes 
dynamic random access memory (DRAM) comprised of individual DRAM cells 
arranged in arrays. DRAM cells include an access transistor, e.g a metal oxide 
semiconducting field effect transistor (MOSFET), coupled to a capacitor cell. 
Another type of high speed, low cost memory includes floating gate memory cells. 
A conventional horizontal floating gate transistor structure includes a source region 
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and a drain region separated by a channel region in a horizontal substrate. A 
floating gate is separated by a thin tunnel gate oxide. The structure is programmed 
by storing a charge on the floating gate. A control gate is separated from the 
floating gate by an intergate dielectric. A charge stored on the floating gate effects 
the conductivity of the cell when a read voltage potential is applied to the control 
gate. The state of cell can thus be determined by sensing a change in the device 
conductivity between the programmed and un-programmed states. 

Dynamic random access memories (DRAMs) are the most cost-effective, 
high-speed memory used with present day computers. DRAMS last nearly 
indefinitely. Moreover, DRAMs are available in very high density configurations, 
e.g., 64 megabytes (MB). However, DRAMS can only store information for a 
limited time without constant refreshing and lose all knowledge of their state once 
power is removed. 

Ferroelectric capacitors are currently being used as nonvolatile memory 
devices, as disclosed in U.S. Pat. No. 4,888,733, which is entitled "Nonvolatile 
Memory Cell and Sensing Method" and discloses a two transistor, one capacitor 
(2T/1C) memory cell. In addition, ferroelectric capacitors are often employed in 
nonvolatile random access memories (NVRAMs). Memory cells having structures 
approximating that of DRAMs, i.e., arranged in the conventional one transistor, one 
capacitor (IT/IC) memory cell pattem, are disclosed in U.S. Pat. Nos. 5,600,587 
(Ferroelectric Random Access Memory), 5,572,459 (Voltage Reference for a 
Ferroelectric IT/IC Based Memory), 5,550,770 (Semiconductor Memory Device 
Having FE Capacitor Memory Cells with Reading, Writing, and Forced Refreshing 
Functions and a Method of Operating the Same), 5,530,668 (Ferroelectric Memory 
Sensing Scheme Using Bit Lines Precharged to a Logic One Voltage), and 
5,541,872 (Folded Bit Line Ferroelectric Memory Device). It should be mentioned 
that all of the patents cited above are incorporated by reference herein for all 
purposes. 
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In the above-mentioned patents, the capacitor in a IT/IC DRAM structure is 
replaced by a ferroelectric capacitor, as illustrated in Figure 1 A. The memory cell 1 
of Figure 1 A includes a wordline 10, a digitline 12, a transistor 14 and a ferroelectric 
capacitor 16. In operation, the remnant charges are detected on a bit line in a 
manner similar to the operation of a conventional DRAM. However, these 
structures are not without attendant problems. 

There is an extensive body of literature on both the electrical characteristics 
of ferroelectric capacitors and applications in cells similar to conventional DRAMs, 
except that these cells are classified as nonvolatile RAMs (NVRAMs) instead of 
DRAMs. One recent publication by K. Asaril et al., entitled "Muhi-Level 
Technologies for FRAM Embedded Reconfigurable Hardware" (EEEE hit. Solid- 
State Circuits Conf , San Francisco 1999, pp. 108-109), describes the use of a 
ferroelectric capacitor in a ferroelectric RAM (FRAM)which is employed with low 
voltage to store and access RAM data superimposed on less-frequently accessed 
read-only memory (ROM) data in the same cell. See U.S. Pat. No. 5,539,279, 
entitled "Ferroelectric Memory." The RAM data is volatile and needs to be 
refreshed on a regular basis, or this aspect of the cell acts like a DRAM. The 
electrically alterable read-only memory (EAROM), e.g., an electrically erasable 
programmable ROM (EEPROM) data is nonvolatile. In other words, the FRAM 
acts like a DRAM with a "repressed" nonvolatile read only "memory," or "repressed 
memory." 

Other applications use the ferroelectric capacitors as part of a stacked gate 
structure similar not to DRAMs but rather to EEPROM or flash memory devices. 
See, for example, U.S. Pat. Nos. 5,541,871 ("Nonvolatile Ferroelectric 
Semiconductor Memory") and 5,856,688 ("Integrated Circuit Memory Devices 
Having Nonvolatile Single Transistor Unit Cells Therein"), which patents are also 
incorporated herein by reference for all purposes. It will be appreciated that in these 
devices, however, the remnant charge or polarization charge of the ferroelectric 
element is used to store information rather than electrons injected onto or removed 
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from a floating gate by hot electron effects and/or tunneling. Instead, the charge 
differences are not differences in the number of electrons trapped on the gate but 
rather the polarization charge of the upper ferroelectric capacitor. 

It should also be mentioned that the prior art referenced in U.S. Pat. No. 
5,54 1,871 describes a basic structure consisting of a ferroelectric capacitor in series 
with a gate capacitance, which are both planar structures. As shown in Figure IB, a 
memory cell V includes a wordline 10, a digitline 12, a transistor 14, and a 
ferroelectric capacitor 20, one plate of the ferroelectric capacitor forming the gate of 
the transistor 14. 

Figure IC illustrates a memory cell 1", which includes the wordline 10, 
digitline 12, transistor 14, a high dielectric capacitor 30 and a ferroelectric capacitor 
32. It will be noted that the lower plate of capacitor 30 is the channel of the 
transistor 14. 

The problem with the above disclosed structure is that the ferroelectric 
elements have very high electric relative permittivities as, for instance, 80 and 1 50. 
It will be appreciated that these permittivity values are 20 to 40 times higher than 
that of silicon dioxide. It will also be appreciated that, if comparable thicknesses of 
materials as are used in constructing the ferroelectric and conventional capacitors, 
only a small fraction, e.g., 2% to 5%, of the voltage applied across the series 
capacitors will appear across the ferroelectric capacitor. Thus, if the ferroelectric 
capacitor has a coercive vpltage, Vc , i.e., the voltage required for programming, of 
1 V or 3 V, then the total word line voltage required for programming the memory 
cell will be on the order 20 V to 150 V. It will be noted that these are far in excess 
of voltages used on current CMOS-integrated circuits. 

U.S. Pat. No. 5,856,688 seeks to solve this problem by using a "C" shaped 
floating gate and two control gates. One control gate is a plate of the ferroelectric 
capacitor and the other control gate is a plate of another capacitor fabricated using a 
high dielectric constant material. The two capacitors in series, one with a high 
dielectric constant ferroelectric and the other with a high dielectric constant 
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insulator, are used to program the ferroelectric capacitor at lower voltages. Since 
the capacitances are more or less comparable, the programming voltage will divide 
more equally, resulting in a significant fraction across the ferroelectric capacitor. 

It should be mentioned that other repressed memory devices have been 
proposed. For example, a repressed memory where the NVRAM function is 
provided by a flash memory type structure for the gate of the transfer device is 
described in the commonly assigned, copending application entitled "DRAM AND 
SRAM MEMORY CELLS WITH REPRESSED MEMORY" (Ser. No. 
(09/362,909, filed Jul. 29, 1999), which application is incorporated herein by 
reference for all purposes. It will be appreciated that these memories do not 
function like the shadow RAM disclosed in U.S. Pat. 5,399,516 ("Method of 
Making a Shadow Ram Cell Having a Shallow Trench EEPROM"), storing the same 
information on both memory planes. 

In contrast, U.S. application Ser. No.09/385,380, describes a memory cell 1'" 
having first and second operating modes. The memory cell T" includes a charge 
transfer transistor 14 having a gate adjacent to a channel region coupling source and 
drain regions, a digitline 12 coupled to one of the source and drain regions, a storage 
capacitor 16 coupled to the other of the source and drain regions, a ferroelectric 
capacitor 32, and a wordline 10 coupled to the gate by the ferroelectric capacitor 32. 
The polysilicon vertical interconnect connecting the ferroelectric capacitor 32 with 
oxide layer covering the gate of the transistor 14 forms an intrinsic capacitor 30. 
(See Figure ID). Data is written to and read out of the storage capacitor during the 
first operating mode, i.e., a normal DRAM access speeds, and written to and read 
out of the ferroelectric capacitor during the second mode of operation, i.e., at speeds 
several times slower than normal DRAM access speeds. 

It would be very desirable if a memory cell or device could be developed 
with all of the positive features of DRAMS, i.e., cost, size, speed, availability, etc., 
which also is nonvolatile, i.e., maintains its memory state with power removed. It 
would be highly desirable to have a memory element and corresponding system that 
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functions at speeds comparable to that of today's DRAMs. It would also be 
desirable if at least one logic device could be implemented using a modified form of 
the memory cell. 

With successive generations of DRAM chips, an emphasis continues to be 
placed on increasing array density and maximizing chip real estate while minimizing 
the cost of manufacture. It is further desirable to increase array density with little or 
no modification of the DRAM optimized process flow. 

A requirement exists for memory devices which need only be programmed 
once, as for instance to function as an electronic film in a camera. If the memory 
arrays have a very high density then they can store a large number of very high 
resolution images in a digital camera. If the memory is inexpensive then it can for 
instance replace the light sensitive films which are used to store images in 
conventional cameras. 

Thus, there is a need for improved DRAM technology compatible write once 
read only memory. It is desirable that such write once read only memory be 
fabricated on a DRAM chip with little or no modification of the DRAM process 
flow. It is further desirable that such write once read only memory operate with 
lower progranuning voltages than that used by conventional DRAM cells, yet still 
hold sufficient charge to withstand the effects of parasitic capacitances and noise 
due to circuit operation. 

Summary of the Invention 

The above mentioned problems for creating DRAM technology compatible 
write once read only memory cells as well as other problems are addressed by the 
present invention and will be understood by reading and studying the following 
specification. This disclosure teaches structures and methods using transistor 
devices as write once read only memory in a DRAM integrated circuit. The 
structures and methods use the existing process sequence for MOSFET's in DRAM 
technology. 
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In particular, an illustrative embodiment of the present invention includes a 
write once read only memory cell. The write once read only memory cell includes a 
charge amplifier transistor. The transistor has a first source/drain region, a second 
source/drain region, and a channel region between the first and the second 
source/drain regions. A gate stack is located above the chaimel region. The gate 
stack includes; a gate oxide layer, a polysilicon intercoimect on the gate oxide, a 
ferroelectric dielectric coupled to the polysilicon intercoimect, and a control 
electrode coupled to the ferroelectric dielectric. A plug is coupled to the first 
source/drain region and couples the first source/drain region to an array plate. A 
transmission line is coupled to the second source/drain region. According to the 
teachings of the present invention, the transistor is adapted to be programmed, 
storing information in the ferroelectric dielectric of the gate stack, such that the 
programmed transistor operates at a reduced drain source current for long retention 
archival storage. 

These and other embodiments, aspects, advantages, and features of the 
present invention will be set forth in part in the description which follows, and in 
part will become apparent to those skilled in the art by reference to the following 
description of the invention and referenced drawings or by practice of the invention. 
The aspects, advantages, and features of the invention are realized and attained by 
means of the instrumentalities, procedures, and combinations particularly pointed 
out in the appended claims. 

Brief Description of the Drawings 

Figures 1 A-ID illustrate a number of ferroelectric memory type devices 
according to the teachings of the prior art. 

Figure 2A illustrates an edge defined high dielectric constant ferroelectric 
gate capacitor structure according to the teachings of the present invention.' 

Figure 2B illustrates a weak ferroelectric material in a planar gate stack 
structure according to the teachings of the present invention. 
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Figure 3 illustrates a portion of a memory array, including a ferroelectric 
write once read only memory according to the teachings of the present invention. 

Figure 4 is a graph plotting polarization charge versus applied voltage across 
a ferroelectric dielectric which illustrates the characteristics of a ferroelectric 
capacitor according to the teachings of the present invention. 

Figure 5A illustrates the erase or reset of a ferroelectric gate dielectric 
according to the teachings of the present invention. 

Figure 5B is a graph plotting polarization charge versus applied voltage 
across a ferroelectric dielectric during the erase or reset operation shown in Figure 
5A. 

Figure 6A illustrates the write operation of data on to the ferroelectric 
material of a selected device according to the teachings of the present invention. 

Figure 6B is a graph plotting polarization charge versus applied voltage 
across a ferroelectric dielectric during the write operation shown in Figure 6A. 

Figure 7 illustrates the electrical state of a non-selected device according to 
the teachings of the present invention. 

Figure 8 illustrates the electrical state of a selected device according to the 
teachings of the present invention. 

Figure 9 illustrates a memory device according to the teachings of the 
present invention. 

Figure 10 is a block diagram of an electrical system, or processor-based 
system, utilizing ferroelectric write once read only memory constructed in 
accordance with the present invention. 

Description of the Preferred Embodiments 

hi the following detailed description of the invention, reference is made to 
the accompanying drawings which form a part hereof, and in which is shown, by 
way of illustration, specific embodiments in which the invention may be practiced. 
In the drawings, like numerals describe substantially similar components throughout 
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the several views. These embodiments are described in sufficient detail to enable 
those skilled in the art to practice the invention. Other embodiments may be utilized 
and structural, logical, and electrical changes may be made without departing from 
the scope of the present invention. 

The terms wafer and substrate used in the following description include any 
structure having an exposed surface with which to form the integrated circuit (IC) 
structure of the invention. The term substrate is understood to include 
semiconductor wafers. The term substrate is also used to refer to semiconductor 
structures during processing, and may include other layers that have been fabricated 
thereupon. Both wafer and substrate include doped and undoped semiconductors, 
epitaxial semiconductor layers supported by a base semiconductor or insulator, as 
well as other semiconductor structures well known to one skilled in the art. The 
term conductor is understood to include semiconductors, and the term insulator is 
defined to include any material that is less electrically conductive than the materials 
referred to as conductors. The following detailed description is, therefore, not to be 
taken in a limiting sense, and the scope of the present invention is defined only by 
the appended claims, along with the full scope of equivalents to which such claims 
are entitled. 

In the above cross referenced related applications, filed on even date 
herewith by the same inventor, the author of the present invention describes the use 
of insulator trapping, floating gates, floating gates with large work functions, 
nanocrystal particles for write-once-read-only memories. These devices were 
employed in DRAM like arrays except there are not storage capacitors. The use of 
the DRAM like arrays allows comparison of the memory cell to a dummy cell and a 
very sensitive sense amplifier to detect small charge differences in the gate 
structures of the transistors in the arrays. 

The author of the present invention has also previously described the use of 
very high dielectric constant ferroelectric materials in the gate structures of 
MOSFET transistors using edge defined structures. (See generally, L, Forbes, K. Y. 
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Ahn, W. Noble and A. Reinberg, "DRAM MEMORY CELL WITH REPRESSED 
FERROELECTRIC MEMORY," US Patent no. 6,141,238, issued Oct. 31, 2000; 
and L. Forbes, K.Y. Ahn and W. Noble, "DISCRETE DEVICES INCLUDING 
EAPROM TRANSISTOR AND NVRAM MEMORY CELL WITH EDGE 
DEFINED FERROELECTRIC CAPACITANCE," US Patent no. 6,337,805, issued 
Jan. 8, 2002). 

The author of the present invention has also previously described the use of 
lower dielectric constant and/or weak ferroelectric materials and fabrication 
techniques for use in conventional planar gate structures of MOSFET transistors. 
(See generally, L. Forbes and K.Y. Ahn, "WEAK FERROELECTRIC MEMORY 
TRANSISTOR," US Patent no./Application serial no. 09/383,726; K.Y. Ahn and L. 
Forbes, "FERROELECTRIC MEMORY TRANSISTOR WITH HIGH-K GATE 
INSULATOR AND METHOD OF FABRICATION," US Patent no./Application 
serial no. 09/594,817; K.Y. Ahn and L. Forbes, "FERROELECTRIC MEMORY 
TRANSISTOR WITH ATOMIC-LAYER-DEPOSITED HIGH-K GATE 
INSULATOR AND METHOD OF LOW-TEMPERATURE FABRICATION," US 
Patent no./Application serial no. 09/809,560; K.Y. Ahn and L. Forbes, "A NOVEL 
METHOD AND APPARATUS FOR FABRICATION OF WEAK 
FERROELECTRIC FILMS," US Patent no./Application serial no. 09/810,368. 
Each of these references is incorporated herein in full for all purposes. 

The present invention, however, discloses the use of ferroelectric materials, 
as identified in the above references, in gate stack structures for write once read only 
memory. That is, the gate stack structures of the present invention are combined 
with the use of a modification of DRAM array structures, as disclosed for other cell 
types in the above cross referenced related applications, to form novel ferroelectric 
write once read only memory cells, arrays and systems. 

Figure 2A illustrates an edge defined high dielectric constant ferroelectric 
gate capacitor structure which can be used as a write once read only memory cell 
according to the teachings of the present invention. As shown in the embodiment of 
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Figure 2 A the write once read only memory cell 201 includes a first source/drain 
region 202, a second source/drain region 204, and a channel region 206 between the 
first and second source/drain regions, 202 and 204 in a substrate 200. In one 
embodiment, the first source/drain region 202 includes a source region 202 and the 
second source/drain region 204 includes a drain region 204. Figure 2A further 
illustrates a gate 208 separated from the channel region 206 by a gate dielectric 210. 
In one embodiment according to the teachings of the present invention, the gate 208 
includes a polysilicon gate 208. In one embodiment, the gate dielectric 210 includes 
a gate oxide 210. This structure (202, 204, 206, 208, 210) forms a charge amplifier 
transistor. According to the teachings of the present invention, the charge amplifier 
transistor includes a CMOS transistor 211 formed according to a modified dynamic 
random access memory (DRAM) fabrication process. The transistor includes a 
capacitor 21 1 formed by the channel region 206, the gate dielectric 210 and the gate 
208. 

As shown in Figure 2 A, an edge defined ferroelectric dielectric 218 is 
coupled to the gate electrode 208, or polysilicon gate 208, of the charge amplifier 
transistor. As shown in Figure 2 A, the edge defined ferroelectric dielectric 218 is in 
a stacked alignment with an active region, e.g. channel 206, of the transistor. In the 
embodiment of Figure 2 A, a layer of platinum (Pt) material 219 is located between 
the edge defined ferroelectric dielectric 218 and the polysilicon gate 208. An edge 
defined control electrode 216 is coupled to the edge defined ferroelectric dielectric 
218. The control electrode 216 serves as a control gate 216. In one embodiment, 
the control electrode 216 includes a control electrode formed of platinum (Pt). The 
control gate 216, the ferroelectric dielectric 218, and the platinum material 219 form 
a capacitor 217. 

An array plate 212 is coupled to the first source/drain region 202 and a 
transmission line 214 is coupled to the second source/drain region 204. In one 
embodiment, the transmission line 214 includes a bit line 214. 
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Figure 2B illustrates a weak ferroelectric material in a planar gate stack 
structure which can be used as a write once read only memory cell according to the 
teachings of the present invention. As shown in the embodiment of Figure 2B, the 
write once read only memory cell 201 includes a first source/drain region 202, a 
second source/drain region 204, and a channel region 206 between the first and 
second source/drain regions, 202 and 204 in a substrate 200. hi one embodiment, 
the first source/drain region 202 includes a source region 202 and the second 
source/drain region 204 includes a drain region 204. Figure 2B further illustrates a 
gate 208 separated from the channel region 206 by a gate dielectric 210. In one 
embodiment according to the teachings of the present invention, the gate 208 
includes a polysilicon gate 208. In one embodiment, the gate dielectric 210 includes 
a gate oxide 210. This structure (202, 204, 206, 208, 210) forms a charge ampUfier 
transistor. According to the teachings of the present invention, the charge amplifier 
transistor includes a CMOS transistor formed according to a modified dynamic 
random access memory (DRAM) fabrication process. The transistor includes a 
capacitor 21 1 formed by the channel region 206, the gate dielectric 210 and the gate 
208. 

As shown in Figure 2B, a ferroelectric dielectric 218* is coupled to the gate 
electrode 208, or polysilicon gate 208, of the charge amplifier transistor. In the 
embodiment of Figure 2B, a layer of platinum (Pt) material 219 is located between 
the ferroelectric dielectric 218' and the polysilicon gate 208 to improve the electrical 
interconnect properties, however, the invention is not so limited. A control 
electrode 216' is coupled to the ferroelectric dielectric 218*. The control electrode 
216' serves as a control gate 216*. In one embodiment, the control electrode 216' 
includes a control electrode formed of platinum (Pt). It is noted that the control 
electrode 216* of the present invention is not limited to a platinum electrode and one 
of ordinary skill in the art will appreciate upon reading this disclosure that other 
suitable materials for achieving the operation of the invention are considered within 
the scope of this disclosure. The control gate 216, the ferroelectric dielectric 218, 
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and the platinum material 219 forai a capacitor 217. 

As with the embodiment of Figure 2 A, an array plate 212 is coupled to the 
first source/drain region 202 and a transmission line 214 is coupled to the second 
source/drain region 204. In one embodiment, the transmission line 214 includes a 
bit line 214. 

According to the teachings of the present invention, the ferroelectric 
dielectric 218 has a built in dipole charge. And thus, according to the teachings of 
the present invention and as described in more detail below, the ferroelectric write 
once read only memory cell of the present invention is adapted to be programmed, 
storing information in the ferroelectric dielectric 218 of the gate stack, such that the 
programmed cell, or transistor, operates at a reduced drain source current for long 
retention archival storage. 

Figure 3 illustrates a portion of a memory array 300 according to the 
teachings of the present invention. The memory in Figure 3, is shown illustrating a 
pair of ferroelectric write once read only memory cells 301-1 and 301-2 formed 
according to the teachings of the present invention. As one of ordinary skill in the 
art will understand upon reading this disclosure, any number of ferroelectric write 
once and read only memory cells can be organized in an array, but for ease of 
illustration only two are displayed in Figure 3. As shown in Figure 3, a first 
source/drain region, 302-1 and 302-2 respectively, is coupled to an array plate 304. 
A second source/drain region, 306-1 and 306-2 respectively, is coupled to a 
transmission line, or bitline, 308-1 and 308-2 respectively. Each of the bitlines, 
308-1 and 308-2, couple to a sense amplifier, shown generally at 310. A wordline, 
312-1 and 312-2 respectively, is couple to a control gate, 318-1 and 318-2 
respectively, for each of the ferroelectric write once read only memory cells, 301-1 
and 301-2. According to the teachings of the present invention and as described 
above, the ferroelectric write once read only memory cells, 301-1 and 301-2 include 
a gate stack located above a channel region, 322-1 and 322-2. The gate stack 
includes two capacitors in series. A first capacitor is formed between the channel 
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region, 322-1 and 322-2 and a transistor gate, 320-1 and 320-2 respectively, which 
are separated by a gate oxide as the dielectric material. A second capacitor is 
formed between the transistor gate, 320-1 and 320-2 , and the control gate, 318-1 
and 318-2, separated by a ferroelectric dielectric as the dielectric material. As one 
of ordinary skill in the art will appreciate upon reading this disclosure, the second 
capacitor includes a built in dipole charge. 

As one of ordinary skill in the art will appreciate upon reading this 
disclosure, the ferroelectric dielectric includes, in some embodiments, a high 
dielectric constant material. (See generally, L. Forbes, K.Y. Ahn, W. Noble and A. 
Reinberg, "DRAM MEMORY CELL WITH REPRESSED FERROELECTRIC 
MEMORY," US Patent no. 6,141,238, issued Oct. 31, 2000; and L. Forbes, K.Y. 
Ahn and W. Noble, "DISCRETE DEVICES INCLUDING EAPROM 
TRANSISTOR AND NVRAM MEMORY CELL WITH EDGE DEFINED 
FERROELECTRIC CAPACITANCE," US Patent no. 6,337,805, issued Jan. 8, 
2002). And, in some embodiments, the ferroelectric dielectric includes lower 
dielectric constant and/or weak ferroelectric materials for use in planar gate stack 
structures of MOSFET transistors. (See generally, L. Forbes and K.Y. Ahn, 
"WEAK FERROELECTRIC MEMORY TRANSISTOR," US Patent 
no./Application serial no. 09/383,726; K.Y. Ahn and L. Forbes, 
"FERROELECTRIC MEMORY TRANSISTOR WITH HIGH-K GATE 
INSULATOR AND METHOD OF FABRICATION," US Patent no./Application 
serial no. 09/549,817; K.Y. Ahn and L. Forbes, "FERROELECTRIC MEMORY 
TRANSISTOR WITH ATOMIC-LAYER-DEPOSITED HIGH-K GATE 
INSULATOR AND METHOD OF LOW-TEMPERATURE FABRICATION," US 
Patent no./Application serial no. 09/809,560; K.Y. Ahn and L. Forbes, "A NOVEL 
METHOD AND APPARATUS FOR FABRICATION OF WEAK 
FERROELECTRIC FILMS," US Patent no ./Application serial no. 09/810,368. 
Each of these references is incorporated herein in full for all purposes. 
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A write data/precharge circuit is shown at 324 for coupling a first or a 
second potential to transmission line, or bitline 308-1. As one of ordinary skill in 
the art will understand upon reading this disclosure, the write data/precharge circuit 
324 is adapted to couple either a ground to the bitline 308-1 during an erase or reset 
operation, or alternatively to precharge the bitline 308-1 to fractional voltage of 
VDD during a write operation. As one of ordinary skill in the art will understand 
upon reading this disclosure, the array plate 304 can be similarly biased to different 
voltages. That is, as explained in more detail below, the array plate 304 can be 
grounded during the erase or reset operation, as well as during a write operation to a 
selected cell. And, the array plate 304 can be biased to a positive applied voltage for 
a non-selected cell during the above operations. 

As shown in Figure 3, the array structure 300 has no capacitors. Instead, 
according to the teachings of the present invention, the first source/drain region or 
source region, 302-1 and 302-2, are coupled via a conductive plug directly to the 
array plate 304. In order to write, the array plate 304 and bitline 308-1 are grounded 
and the wordline 312-1 is biased to voltage higher than VDD. In this manner, the 
ferroelectric capacitor will become polarized, storing information in therein. 

During read, the ferroelectric write once read only memory cell, 301-1 or 
301-2, is operated in the forward direction with the array plate 304 grounded and the 
bit line, 308-1 or 308-2, and respective second source/drain region or drain region, 
306-1 and 306-2, of the cells precharged to some fractional voltage of VDD. If the 
device is addressed by the word line, 312-1 or 312-2, then the "imprint" of 
information stored in the ferroelectric capacitor dielectric will effect the conductivity 
of the transistor and will be detected using the sense amplifier 310. The operation of 
DRAM sense amplifiers is described, for example, in U.S. Pat. Nos. 5,627,785; 
5,280,205; and 5,042,01 1, all assigned to Micron Technology Inc., and incorporated 
by reference herein. The array would thus be addressed and read in the conventional 
manner used in DRAM*s, but programmed as write once read only memory cells in 
a novel fashion. 
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In operation the programmed devices, e.g. cell 301-1, can be compared to an 
unprogrammed reference or dummy device/cell, e.g. 301-2, as shown in Figure 3. 
The write and possible erase feature could be used during manufacture and test to 
initially program all cells or devices to have similar or matching conductivity before 
use in the field. The sense amplifier 310 can then detect small differences in cell or 
device characteristics due to the "imprint" of information stored in the ferroelectric 
capacitor 360-1, 360-2 during the write operation. In this manner, a programmed 
ferroelectric write once read only memory cell operates at a reduce drain source 
current. 

As one of ordinary skill in the art will understand upon reading this 
disclosure such arrays of ferroelectric write once read only memory cells are 
conveniently realized by a modification of DRAM technology. That is, the transfer 
devices in conventional DRAM arrays are replaced by ferroelectric memory type 
devices, having both oxide and ferroelectric dielectrics in the gate stack. 
Conventional transistors for address decode and sense amplifiers can be fabricated 
after this step with normal thin gate insulators of silicon oxide. 

Figure 4 is a graph plotting polarization charge versus applied voltage across 
a ferroelectric dielectric which illustrates the characteristics of a ferroelectric 
capacitor according to the teachings of the present invention. That is, Figure 4, is 
useful as a review of the properties of ferroelectric materials and gives a definition 
of the terms used to describe their characteristics. Ferroelectric memories have long 
retention if not recycled repeatedly and not subjected to fatigue. (See generally, R. 
Moazzami, "Ferroelectric PZT thin films for semiconductor memory," Ph.D. thesis, 
University of California, Berkeley, 1991; R Moazzami et al., "Endurance properties 
of Ferroelectric PZT thin films/' Int. Electron Devices Mtg., San Francisco, 1990, 
pp. 417-20). PZT a very high dielectric constant ferroelectric starts to loose 
polarization stabiUty only after about 10*^ cycles. (See generally, D.E. Fisch et al,, 
"Analysis of thin film ferroelectric aging," Proc. IEEE Int. Reliability Physics 
Symp., March 1990, pp. 237-242; R. Moazzami, "Ferroelectric PZT thin films for 
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semiconductor memory," Ph.D. thesis, University of California, Berkeley, 1991; and 
R Moazzami et al, "Endurance properties of Ferroelectric PZT thin films," Int. 
Electron Devices Mtg., San Francisco, 1990, pp. 417-20). 

According to the teachings of the present invention, however, the devices are 
being written only once and not being fatigued. The devices will age in that the 
remnant and saturation polarization, Qr and Qs respectively as illustrated in Figure 
4, will degrade with time. (See generally, D.E. Fisch et al., "Analysis of thin film 
ferroelectric aging," Proc. IEEE Int. Reliability Physics Symp., March 1990, pp. 
237-242). In the present invention, however, a sensitive address scheme is being 
employed to detect small differences in remenant polarization, Qr. There is a 
tendency of the devices to "imprint" or to prefer one state over another if it stays in 
one state for a long period of time. (See generally, S.W. Wood, "Ferroelectric 
memory design," M.A.Sc. thesis. University of Toronto, 1992). According to the 
teachings of the present invention, this is a desirable characteristic since the 
application is to write once for archival storage. 

As stated above, the arrays of ferroelectric write once read only memory 
devices are conventiently realized by a modification of DRAM technology. The 
array structure would have no capacitors, but rather one where the plug goes directly 
to array plate, as shown in Figure 3, That is, the transfer devices in conventional 
DRAM arrays are replaced by the ferroelectric memory type devices of the present 
invention, having both oxide and ferroelectric dielectrics in the gate stack. As 
explained in connection with Figure 3, conventional transistors for address decode 
and sense amplifiers can be fabricated after this step with normal thin gate insulators 
of silicon oxide. 

Figure 5 A illustrates the erase or reset of a ferroelectric memory type device 
according to the teachings of the present invention. As mentioned above, the 
ferroelectric memory type device, or ferroelectric write once read only memory cell 
includes a gate stack having two capacitors in series. Figure 5A illustrates the two 
capacitors in series as a first capacitor 511, formed between a channel region and a 
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first gate, or transistor gate 520, and a second capacitor 517, formed between the 
transistor gate 520 and a control gate 518. According to the teachings of the present 
invention, the transistor gate 520 and the control gate 518 are separated by a 
ferroelectric dielectric 560 to form the second capacitor 517. Because the devices in 
the array act like ferroelectrics they could be erased or reset by biasing the word or 
address line 512, and consequently the control or address gate 518, with a large 
negative potential while grounding the array plate 504 and the bitline 508. Figure 
5B is a graph plotting polarization charge versus applied voltage across the 
ferroelectric dielectric 560 during the erase or reset operation shown in Figure 5 A, 
As shown in Figure 5B, the polarization charge is taken to a negative saturation 
charge, -Qs, as the large negative potential, -Vc, is applied to the control or address 
gate 518 and then returns to a negative remnant polarization charge, -Qr, once the 
potential applied to the control or address gate 518 is removed. 

Figure 6A illustrates the write operation of data on to the ferroelectric 
memory type device according to the teachings of the present invention. As 
mentioned above, the ferroelectric memory type device, or ferroelectric write once 
read only memory cell includes a gate stack having two capacitors in series. Figure 
6A illustrates the two capacitors in series as a first capacitor 611, formed between a 
channel region 606 and a first gate, or transistor gate 620, and a second capacitor 
617, formed between the transistor gate 620 and a control gate 618. According to 
the teachings of the present invention, the transistor gate 620 and the control gate 
618 are separated by a ferroelectric dielectric 660 to form the second capacitor 617. 
As shown in Figure 6A, the devices are written by a large positive, +Vc, word line 
address voltage 612 applied to the control or address gate 618 while the bit or data 
hne 608 is grounded and the array plate 604 is held at a positive potential, e.g. some 
fractional value of Vdd resulting in a large positive voltage across the ferroelectric 
dielectric 660 as shown in Figure 6B. As shown in Figure 6B, the polarization 
charge is taken to a positive saturation charge, +Qs, as the large positive potential, 
+Vc, is applied to the control or address gate 618 and then retums to a positive 
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remnant polarization charge, +Qr, once the potential applied to the control or 
address gate 618 is removed. The transistor will be saturated and conduct current 
during the write operation but a large positive potential will still exist across the gate 
dielectrics since the bit or data line 608 is at ground and the channel 606 is near 
ground potential. 

During read the devices would operate as normal transistors with the array 
plate 604 and source at ground and the bit line 608 and the drain of the transistor 
precharged to some fractional voltage of Vdd as shown in Figure 6 A. If the device 
is addressed by the word line 612 then its conductivity will be determined by the 
presence or absence of stored polarization charge on the ferroelectric dielectric 660. 
The array would thus be addressed and read in the conventional manner used in 
DRAM'S. 

Figure 7 illustrates the electrical state of a non-selected ferroelectric memory 
type device according to the teachings of the present invention. As mentioned 
above, the ferroelectric memory type device, or ferroelectric write once read only 
memory cell includes a gate stack having two capacitors in series. Figure 7 
illustrates the two capacitors in series as a first capacitor 711, formed between a 
channel region 706 and a first gate, or transistor gate 720, and a second capacitor 
717, formed between the transistor gate 720 and a control gate 718. According to 
the teachings of the present invention, the transistor gate 720 and the control gate 
718 are separated by a ferroelectric dielectric 760 to form the second capacitor 717. 
A word line, or address line 712 is coupled to the control gate 718. 

During the write operation, non-selected devices would have not only the 
array plate 704 (and consequently the source) at a positive voltage but also the bit or 
data line 708 at a positive voltage. These devices would be operating in the linear 
region with the channel 706 at the same positive voltage as the drain and source. 
Consequently there would be only a small potential drop across the gate dielectrics 
and the voltage across the ferroelectric material 760 would not exceed the coercive 
or programming voltage. These devices would remain in their original state. 
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Figure 8 illustrates the electrical state of a selected a ferroelectric memory 
type device according to the teachings of the present invention. As mentioned 
above, the ferroelectric memory type device, or ferroelectric write once read only 
memory cell includes a gate stack having two capacitors in series. Figure 8 
illustrates the two capacitors in series as a first capacitor 811, formed between a 
channel region 806 and a first gate, or transistor gate 820, and a second capacitor 
817, formed between the transistor gate 820 and a control gate 818. According to 
the teachings of the present invention, the transistor gate 820 and the control gate 
818 are separated by a ferroelectric dielectric 860 to form the second capacitor 817. 
As shown in Figure 8, the array plate 804 (and consequently source) of the selected 
device is coupled to ground, the bitline 808 (and consequently drain) of the selected 
device is precharged to a positive potential, and the selected device is addressed by a 
positive word line address 812. In a read operation, device characteristics due to the 
"imprinf'of information stored in the ferroelectric capacitor 860 of a selected device 
in the memory array is compared to an unpolarized or dummy device/cell as shown 
in Figure 3. The negative gate voltage erase feature would be used during 
manufacture and test to initially program all devices to have similar or matching 
conductivity before use in the field, the sense amplifier can then detect small 
differences in device characteristics due to polarization induced changes in device 
characteristics during the write operation. 

In Figure 9 a memory device is illustrated according to the teachings of the 
present invention. The memory device 940 contains a memory array 942, row and 
column decoders 944, 948 and a sense amplifier circuit 946. The memory array 942 
consists of a plurality of ferroelectric write once read only memory cells, formed 
according to the teachings of the present invention, whose word lines 980 and bit 
lines 960 are commonly arranged into rows and columns, respectively. The bit lines 
960 of the memory array 942 are connected to the sense amplifier circuit 946, while 
its word lines 980 are connected to the row decoder 944. Address and control 
signals are input on address/control lines 961 into the memory device 940 and 
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connected to the column decoder 948, sense amplifier circuit 946 and row decoder 
944 and are used to gain read and write access, among other things, to the memory 
array 942. 

The column decoder 948 is connected to the sense amplifier circuit 946 via 
control and column select signals on column select lines 962. The sense amplifier 
circuit 946 receives input data destined for the memory array 942 and outputs data 
read fi-om the memory array 942 over input/output (I/O) data lines 963. Data is read 
fi"om the cells of the memory array 942 by activating a word line 980 (via the row 
decoder 944), which couples all of the memory cells corresponding to that word line 
to respective bit lines 960, which define the columns of the array. One or more bit 
lines 960 are also activated. When a particular word line 980 and bit lines 960 are 
activated, the sense amplifier circuit 946 connected to a bit line column detects and 
amplifies the conduction sensed through a given ferroelectric vmte once read only 
memory cell and transferred to its bit line 960 by measuring the potential difference 
between the activated bit line 960 and a reference line which may be an inactive bit 
line. Again, in the read operation the source region of a given cell is coupled to a 
grounded array plate (not shown). The operation of Memory device sense amplifiers 
is described, for example, in U.S. Pat. Nos. 5,627,785; 5,280,205; and 5,042,011, all 
assigned to Micron Technology Inc., and incorporated by reference herein. 

Figure 10 is a block diagram of an electrical system, or processor-based 
system, 1000 utilizing ferroelectric write once read only memory 1012 constructed 
in accordance with the present invention. That is, the ferroelectric write once read 
only memory (WOROM) 1012 utilizes the modified DRAM cell transistor as 
explained and described in detail in connection with Figures 2-8. The processor- 
based system 1000 may be a computer system, a process control system or any other 
system employing a processor and associated memory. The system 1000 includes a 
central processing unit (CPU) 1002, e.g., a microprocessor, that communicates with 
the vmte once read only memory 1012 and an I/O device 1008 over a bus 1020. It 
must be noted that the bus 1020 may be a series of buses and bridges commonly 
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used in a processor-based system, but for convenience purposes only, the bus 1020 
has been illustrated as a single bus. A second I/O device 1010 is illustrated, but is 
not necessary to practice the invention. The processor-based system 1 000 can also 
includes read-only memory (ROM) 1014 and may include peripheral devices such as 
a floppy disk drive 1004 and a compact disk (CD) ROM drive 1006 that also 
communicates with the CPU 1002 over the bus 1020 as is well known in the art. 

It will be appreciated by those skilled in the art that additional circuitry and 
control signals can be provided, and that the memory device 1000 has been 
simplified to help focus on the invention. At least one of the ferroelectric write once 
read only memory cell in WOROM 1012 includes a programmed transistor cell, 
having both oxide and ferroelectric dielectrics in therein and an "imprint" of 
information stored in the ferroelectric dielectric such that the programmed transistor 
operates at a reduced drain source current. 

It will be understood that the embodiment shown in Figure 10 illustrates an 
embodiment for electronic system circuitry in which the novel memory cells of the 
present invention are used. The illustration of system 1000, as shown in Figure 10, 
is intended to provide a general understanding of one application for the structure 
and circuitry of the present invention, and is not intended to serve as a complete 
description of all the elements and features of an electronic system using the novel 
memory cell structures. Further, the invention is equally applicable to any size and 
type of memory device 1000 using the novel memory cells of the present invention 
and is not intended to be limited to that described above. As one of ordinary skill in 
the art will understand, such an electronic system can be fabricated in single- 
package processing units, or even on a single semiconductor chip, in order to reduce 
the communication time between the processor and the memory device. 

Applications containing the novel memory cell of the present invention as 
described in this disclosure include electronic systems for use in memory modules, 
device drivers, power modules, communication modems, processor modules, and 
application-specific modules, and may include multilayer, multichip modules. Such 
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circuitry can further be a subcomponent of a variety of electronic systems, such as a 
clock, a television, a cell phone, a personal computer, an automobile, an industrial 
control system, an aircraft, and others. 

Conclusion 

Utilization of a modification of well established DRAM technology and 
arrays will serve to afford an inexpensive memory device. The high density of 
DRAM array structures will afford the storage of a large volume of digital data or 
images at a very low cost per bit. There are may applications where the data need 
only be written once for archival storage. The limited number of cycles of the 
ferroelectrics materials acting as dielectrics storing polarization charge will insure 
long retention and archival storage. 

It is to be understood that the above description is intended to be illustrative, 
and not restrictive. Many other embodiments will be apparent to those of skill in the 
art upon reviewing the above description. The scope of the invention should, 
therefore, be determined with reference to the appended claims, along with the full 
scope of equivalents to which such claims are entitled. 
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